Improved sanitation access is extremely low in rural Cambodia. Non-governmental organizations have helped build local supply side latrine markets to promote household latrine purchase and use, but households cite inability to pay as a key barrier to purchase. To examine the extent to which microfinance can be used to facilitate household investment in sanitation, we applied a twopronged assessment: (1) to address the gap between interest in and use of microfinance, we conducted a pilot study to assess microfinance demand and feasibility of integration with a sanitation marketing program and (2) using a household survey (n ¼ 935) at latrine sales events in two rural provinces, we assessed attitudes about microfinance and financing for sanitation. We found substantial stated intent to use a microfinance institution (MFI) loan to purchase a latrine (27%). Five percent of current owners used an MFI loan for latrine purchase. Credit officers attended 159 events, with 4761 individuals attending. Actual loan applications were low, with 4% of sales events attendees applying for a loan immediately following the event (mean ¼ 1.7 loans per event). Ongoing coordination was challenging, requiring management commitment from the sanitation marketing program and commitment to social responsibility from the MFI. Given the importance of improving sanitation coverage and concomitant health impacts, linking functional sanitation markets to already operational finance markets has the potential to give individuals and households more financial flexibility. Further product research and better integration of private vendors and financing modalities are necessary to create a scalable microfinance option for sanitation markets.
•
In an integrated program of sanitation marketing and microfinance lending in rural Cambodia, there was substantial stated interest in the use of microfinance for latrine purchase, but low uptake of offered loans.
• Coordinating sanitation marketing and microfinance through a low-cost, easily replicable program was challenging, requiring management commitment from the sanitation marketing program and commitment to social responsibility from the microfinance institution.
Introduction
In 2015, 2.4 billion people-32% of the world population-do not have access to improved sanitation (UNICEF and World Health Organization 2015) . More than 946 million people worldwide and 25% of rural populations practice open defecation (UNICEF and World Health Organization 2015) . Lack of access to sanitation contributes significantly to child morbidity and mortality (Chopra et al. 2013; Humphrey 2009; Korpe and Petri 2012) . Rural Cambodia has one of the lowest rates of sanitation coverage in the world; only 30% of rural households have access to any form of improved sanitation (WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation 2015). Numerous strategies have been attempted by national and international aid organizations to promote access to household latrines, including community led total sanitation, subsidies for latrines and/or installation and the development of functioning markets for low-cost latrines (Mehta and Knapp 2004) . In Cambodia, several ongoing efforts in 'sanitation marketing'-programs to build supply side markets and promote consumer purchase and use of latrines-have led to the purchase of latrines by tens of thousands of households (Pedi et al. 2011; WaterSHED 2013b) . These programs have been successful in several countries (Baskovich 2011; Frias and Mukherjee 2005; Pedi et al. 2011; , as they encourage household investment and potentially increase long-term use of sanitation infrastructure (Water and Sanitation Program 2004) . Although the success of these markets depends, in part, on the low cost of latrines, the most frequently cited household constraint to latrine adoption in Cambodia remains the inability to pay (Harris 2005; Jenkins 2010; Pedi and Aun 2012; Pedi and Touch 2010) . For this reason, linking sanitation marketing with microfinance has been proposed to allow payments over time.
Microfinance is defined as financial services for low-income clients, including but not limited to loans and savings. Microfinance has evolved substantially over the past few decades, from credit to groups of women using social pressure as collateral to its current definition as a broad set of financial services tailored to fit the needs of poor individuals, both men and women (Consultative Group to Assist the Poor 2015; Ledgerwood et al. 2013) . The two microfinance institutions (MFIs) we collaborated with in this study have high proportions of women clients ($80%). Integrating microfinance with health products and services has been successful in a number of contexts worldwide (Geissler and Leatherman 2015; Leatherman and Dunford 2010; Leatherman et al. 2012; StrasserWeippl et al. 2015) . Integration of end-user water, sanitation and hygiene (WASH) products with microfinance has been tested in a variety of settings (Baskovich 2011; Trémolet and Muruka 2011; Trémolet and Ravi Kumar 2012) , and results suggest that integration can and does work if conditions are right.
As the success of programs linking microfinance and WASH vary substantially depending on the model of integration used, we tested a relatively 'low-touch' method of integration that relied on existing operations to determine whether such an integrated model was feasible to improve sanitation coverage, with potential for scalability due to its low external costs and minimal staffing needs. We conducted a pilot study linking a sanitation marketing program implemented by Water, Sanitation and Hygiene Enterprise Development (WaterSHED) with two of the largest MFIs in Cambodia to test the viability of integration and demand for loans for latrines among households. We combined the intervention with a household survey to better understand the experience of borrowing from sources outside the household and acceptability of microfinance for the use in the purchase of sanitation facilities.
Methods

Setting
WaterSHED is a non-governmental organization that promotes increased access to WASH products and services through commercial channels. WaterSHED's sanitation marketing campaign consisted of group sales events conducted in rural villages. A sales event involved the presence of a sales agent-employed by a latrine supplier-and/or WaterSHED staff. The sales event served to promote the desirability and benefits of owning and using a latrine, introduce or 'pitch' the latrine products, and then record orders and schedule direct delivery by the latrine supplier. The latrines sold at prices between $35 and $45 for a pour flush latrine without a shelter.
The study area was 139 specific communes (an administrative unit similar to a county in the USA) in two rural provinces: Kampong Speu and Kampong Cham ( 
Intervention and data collection
We used a cluster randomized design to assign each of the communes as a treatment (37 communes) or control (102 communes) area, clustering communes based on baseline statistics of sanitation penetration, household poverty measured by percentage of households with a leaf roof and previous exposure to the WaterSHED sanitation marketing campaign. In treatment areas, the goal was to have an MFI credit officer attend and promote loan products at each sanitation sales event in the commune. The credit officer provided information about credit offerings that could be used for the purchase of a latrine-individual or group credit-and accepted applications after the meeting. Two loan products were offered by each MFI-group and individual loans-with variation between the two MFIs in minimums and maximums: MFI A offered group loans with a maximum of $250 (total for group) and individual loans with a minimum of $100 and MFI B offered group loans with a maximum of $250 per person (no group maximum) and individual loans with a minimum of $75. Neither MFI offered loan products specific to sanitation. Loan applications were measured by reports from credit officers completed immediately after the sales event and included information about loan applications for any purpose, including but not limited to those for latrines. In the control areas, the sanitation marketing program continued normally. The control areas allowed us to conduct household surveys with individuals who had not just heard a presentation from an MFI credit officer to ensure our results regarding attitudes towards microfinance were not influenced by credit officer presence. Attendance data were obtained from WaterSHED monitoring data. We analyzed bivariate comparisons of loan applications and attendance using v 2 tests for categorical variables and t tests for continuous variables.
Household survey
We designed a household survey to measure sanitation ownership, previous exposure to lending and interest in microfinance for sanitation (Table 3 ). Questions about loan applications were included for respondents in treatment areas only. Two to three sales event attendees were randomly selected from the roster of sales event attendees completed by the village chief to be surveyed at the end of each sales event between October 2011 and March 2012. Individuals were approached immediately after the sales event and surveyed either at the event site or in their home. If an individual left the site prior to being surveyed, the field staff member tracked the individual to their home or work. We used v 2 for binary variables and t-statistics for continuous variables to compare responses between households with and without latrines. We used three linear regressions to examine relationships between latrine ownership and lending exposure, separately analyzing the influence of each measure of microfinance and loan experience. The dependent variable was a binary indicator of latrine ownership; the primary independent variable in each regression was an indicator of the respondent's previous exposure to lending, with controls for household size and asset ownership. Three separate regressions were estimated, with the independent variables of (1) current MFI client, (2) has been an MFI client and (3) has an outstanding loan from any source.
An a level of 0.05 was used to determine statistical significance. The study was approved by the University of North Carolina Institutional Review Board.
Results
The results from the survey and pilot intervention showed low ownership of latrines, high motivation to purchase a latrine and significant willingness to consider using a microfinance loan for latrine purchase.
Intervention results
During the 9 months of the intervention, 159 sales events were attended by credit officers in 33 of the 37 treatment communes. A total of 4761 individuals attended these sales events. An average of 1.27 loan applications (SD ¼ 3.98) were submitted per sales event, as recorded by the credit officer immediately after the sales event.
2 This was 4.2% of sales event attendees with credit officers; 67.3% were group loan applications, with 32.7% percent individual loan applications. Sixty-seven percent (67%) of attendees heard presentations from the first MFI partner (MFI A) and 33% of attendees heard presentations from the second MFI partner (MFI B). MFI A continued on with the pilot during the second phase, whereas MFI B terminated their involvement with the pilot due to a period of transition from MFI to commercial bank status.
Household survey results
Survey respondents were mostly men, with an average household size of 5.6 members, and a mean ownership of 3.8 of 6 selected 9.4 (9.1) 6.1 (3.8) 7.5 (4.8) 12.0 (11.4) 10.0 (9.8) assets (Table 2) . Households with a latrine (14.3%) were larger and had higher ownership of the selected assets. Households with a latrine were less likely to be current MFI clients; they were also less likely to have an outstanding loan from any source or have ever been an MFI client although these differences were not statistically significant. The most common financing cited for current latrine owners was household savings (Figure 1 ). Approximately 5% of respondents with a latrine had used a loan from an MFI to purchase the latrine. The most commonly cited reasons for purchasing a latrine were convenience and security (Figure 2 ). Using regression analysis controlling for asset ownership and household size, current MFI clients were 7.2 percentage points (pp) less likely to own a latrine (95% confidence interval, À11.9 to À 2.4 pp). We found no significant difference in latrine ownership between those who had ever been an MFI client and those who had not when controlling for asset ownership and household size. Likewise, there was no significant relationship between owning a latrine and having an outstanding loan from any source when controlling for asset ownership and household size. Among those who did not own a latrine but intended to purchase in the future (91.3% of those without a latrine), 13.5% of respondents in control and treatment areas had ever thought about using a loan from an MFI to purchase a latrine. For those who had considered taking a loan from an MFI, the most commonly cited reasons for not having taken a loan were having an existing loan, inability to repay, and high interest rates. Of those who saw the presentation from an MFI credit officer, 27.4% reported either applying for a loan to pay for the latrine or intending to take a loan in the future. We were not able to match survey responses with loan applications. Among those who did not have a latrine and did not plan to purchase one in the future (n ¼ 39), 13% reported they would consider buying a latrine if they knew they could get a loan from an MFI to pay for it.
Discussion
We evaluated whether a 'low-touch' integration of consumer microfinance into functioning sanitation markets is a feasible and potentially scalable way to decrease barriers to latrine purchase in rural Cambodia. Using a household survey, we found that interest in microfinance was high, both generally and specifically for the purchase of household latrines. However, in our pilot study of MFI credit officer attendance at sanitation sales events, stated intentions to purchase a latrine coupled with significant interest in an option for a microfinance loan did not result in the immediate level of loan applications anticipated. Several factors-on the part of consumers and MFIs-might explain this and be important to address as barriers to successful integration. Although a large proportion of households (27.4%) indicated intent to take a loan for a latrine in the household survey, immediate loan applications were much lower than this, with 4.2% of attendees immediately applying for a group or individual loan when available. This may be, in part, due to the timing of household decision making, as we did not capture loans originated beyond the conclusion of the sales event; in effect, the decision to apply for a loan may require more than a single encounter with a credit officer. Closely linking the size of the loans with the cost of the latrines and the timing of loan disbursement and payment for the latrines may improve uptake of both.
The fact that 5% of current latrine owners financed their purchase in whole or in part with a loan from an MFI indicates that expanding the visible presence, availability and ease of access to microfinance may increase the number of latrines purchased by those who cite an inability to pay as a reason to delay or forego purchase. For those who do not intend to purchase a latrine, knowing that receiving a loan from an MFI is an option may impact the decision for a minority of these households. Our results were similar to some previous studies examining integration of microfinance and sanitation for the end user, which have had varying uptake and success rates depending on the context. In household surveys in India, up to 68% of households stated that they were interested in using microfinance for toilets and water/sewer connections (Davis et al. 2008) . Vietnamese government microfinance loans with highly subsidized interest rates for latrines, and water supply had participation rates in 2008 of 12-18%. (Reis and Mollinga 2012) The integration between MFIs and an existing sanitation marketing campaign required significant and continuous coordination and cooperation on behalf of both parties. MFI A coordinated activities through their department of social responsibility, which sent information through MFI management to credit officers; this coordination had substantially higher credit officer attendance rates. MFI B required direct coordination for sales event attendance between WaterSHED staff and credit officers; this was not as successful in complying with the agreement to have an MFI credit officer at each sales event, as individual credit officers did not want to attend due to perceived low loan uptake. When sales events were scheduled through the managers of these credit officers, attendance was much higher.
The partnership with MFIs did not include any financial incentives or technical assistance beyond initial and ongoing training of credit officers regarding their presence and presentations at sales events: a full day training for initial training and on-site or telephone follow-up as needed. As such, this type of integration may easily scale in a number of settings. However, from discussions with MFIs, the effort required-combined with low loan uptake-was not justified strictly from the conventional bottom line perspective. Commitment was more compelled by the sense of social responsibility to the poor that some, but not all, MFIs demonstrate. This dedication to the double bottom line-both financial returns and gains in social development-may best determine those organizations that will have a sustained commitment to this type of integration of financial services with health-related programs.
Another unrelated pilot of combined microfinance with sanitation marketing of low-cost latrines in Cambodia began shortly after our pilot study and found higher uptake of credit as a proportion of latrine purchases. In this study, the authors were using a model in which the NGO provided substantial capacity building for the socially focused MFIs and financial risk sharing and/or grants; additionally, the loans were paid directly to the latrine supplier upon delivery instead of being given to the end user to purchase a latrine. The study found the program was financially viable for these MFIs although it took substantial coordination and dedicated sanitation loan officers (Newman et al. 2014) . A separate pilot project involving WaterSHED links the sanitation marketing program with specially tailored latrine loans disbursed directly to latrine suppliers, Q8: Did you hear the presentation from the microfinance credit agent about using a loan to finance a latrine? Q9: Did you take a loan to purchase a latrine? Q10: Are you considering taking a loan to purchase a latrine? rather than to individuals; early indications show that this may be a successful alternative model in lowering operational barriers and increasing the ability to track latrine specific loans, but further analysis is required (WaterSHED 2013a). These types of intervention require substantially more capacity building for the MFI, which increases costs borne by an external source. Further research is needed to optimize models for microfinance and sanitation integration incorporating information about costs and funding sources, successes in increasing latrine ownership rates and scalability in low-resource settings.
Other factors complicating integration in the pilot study were unanticipated natural and political events not uncommon in areas where poverty co-exists with environmental and climatic risk. Between initiation of the pilot (October 2011) and conclusion of the second phase (December 2012), two significant disruptions to sanitation marketing occurred. Major flooding in parts of Kampong Cham province in the fall of 2011 severely impacted the ability of field staff to reach these household, the appropriateness of sanitation marketing and attention by consumers. The second disruption was a restricted ability to hold sales events leading up to commune elections in June 2012; there was a government prohibition on large groups meeting due to concerns about potential electoral interference. These disruptions had a significant impact; when both the sanitation marketing program and the MFIs were fully operational again, field staff in both organizations underwent refresher training due to staff turnover and the elapsed time.
Our study had several limitations. First, the data on loan applications were collected immediately following the sales events, limiting our ability to capture loans that were taken in the days, weeks or months following the initial information provision. This timing may explain some of the discrepancy between stated intent to use microfinance for a latrine purchase and loan application rates; however, it is likely not a full explanation given general awareness of microfinance among study participants and low levels of latrine purchase with microfinance prior to the intervention. Second, the majority of respondents to the survey were men, whereas the majority of loans provided by the MFIs are to women. As the survey was designed to capture information about the household and women often consult with family members before taking a loan, we anticipate that the results are representative. Third, we were not able to determine the income bracket of those who applied for or received a loan for a latrine. Understanding the optimal client-likely one who has the income or potential income to afford payments over time but does not have the lump sum needed for latrine purchase, rather than the very poor-is critical for policy and ensuring ethical expansion of microfinance integration with sanitation. Developing a better understanding of differences in client interest in microfinance by income bracket is an important area for future research. Fourth, due to the timing of data collection, we did not have the ability to detect shortor long-term changes in latrine purchase due to microfinance integration. Fifth, having only two MFI partners limited our ability to generalize broadly about what types of MFIs make reliable partners; however, we found this initial selection crucial to maintaining a long-term partnership. Initial vetting of MFI partners for commitment to integration with the sanitation marketing and their capacity for credit officers attendance at sales events is critical.
Conclusion
Through the intervention and household survey, we found substantial stated demand for microfinance for sanitation; however, immediate uptake of loans was relatively low at the time microfinance was offered. Given the importance of improving sanitation coverage and concomitant health impacts, linking functional sanitation markets to already operational finance markets has the potential to give individuals and households more financial flexibility. Future research is needed to test what models linking sanitation and microfinance can most reliably increase latrine sales, as well as the long-term effects of integration of microfinance with sanitation marketing on latrine sales and loan uptake. Further product research and better integration of private vendors and financing modalities is necessary to create a scalable microfinance option for sanitation markets.
